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DATA TRANSMISSION 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to data transmission. 
2. Description of the Prior Art 
It is knoWn to transmit a streamed data signal across a 

communication link using separate cables to carry the data 
and the associated sample clocks. 

It is also knoWn to transmit data from a plurality of input 
data streams across a communication link in packetised form. 
Many large-scale communication systems require support for 
different data formats having respective different associated 
clock signals. It is desirable to be able to provide high-quality 
clock transfer across the communication link. Given band 
Width restrictions, this becomes increasingly dif?cult as the 
diversity of data formats that must be supported increases. 

In the case of streamed audio data, for example, there are a 
variety of knoWn multi-channel audio interconnection tech 
nologies available on the market Which use standard cabling 
infra structures. Most of these knoWn systems are based on 
netWorking technologies With distributed routing. According 
to a previously proposed technique, a data communication 
system is provided, that uses the physical layer of Fast Eth 
ernet (100 Mbits/ s) to provide a point to point connection for 
digital audio data. HoWever, there is an increasing demand on 
the capacity of such systems and a requirement to handle an 
increasing diversity of different audio data formats having 
respective associated clock signals. 

SUMMARY OF THE INVENTION 

Accordingly, there is a need for a data transmission tech 
nique that offers the capability of handling a diversity of 
different data formats having respective different clock sig 
nals yet makes e?icient use of valuable bandWidth. 

According to a ?rst aspect the invention provides a data 
communication 

system comprising: 
a transmitting node having: 
means for transmitting data from at least tWo streamed data 

signals across respective transmission paths of a communi 
cation link; 
means for transmitting timing information for at least tWo 

base clock signals across the communication link; and 
means for transmitting con?guration data specifying 

respective associations betWeen each transmission path and a 
corresponding one of the base clock signals such that a trans 
mission path can be associated With any one of the base clock 
signals; 

and a receiving node having: 
means for receiving data from the transmission paths of the 

communication link; 
means for processing the timing information for the base 

clock signals in response to the con?guration data to generate 
a respective sample clock corresponding to each transmission 
path; and 

means for associating the sample clock With data from the 
respective transmission path in dependence upon the con?gu 
ration data to recover the streamed data signals. 

The invention recognises that by transmitting base clocks 
independently across the communication link and providing 
con?guration data to specify associations betWeen data from 
different transmission paths and the base clocks greater ?ex 
ibility is offered since there is not a rigid one to one relation 
ship betWeen a base clock and data from a given transmission 
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2 
path. For example, a given base clock can be associated With 
data from more than one transmission path thereby saving 
bandWidth. 

According to a second aspect the invention provides a data 
communication method for communicating data betWeen a 
transmission node and a reception node across a communi 
cation link, the method comprising the steps of: 

said transmitting node: 
transmitting data from at least tWo streamed data signals 

across respective transmission paths of the communication 
link; 

transmitting timing information for at least tWo base clock 
signals across the communication link; and 

transmitting con?guration data specifying respective asso 
ciations betWeen each transmission path and a corresponding 
one of the base clock signals such that a transmission path can 
be associated With any one of the base clock signals; 

and the reception node receiving node: 
receiving data from the transmission paths of the commu 

nication link; 
processing the timing information for the base clock sig 

nals in response to the con?guration data to generate a respec 
tive sample clock corresponding to each transmission path; 

associating the sample clock With data from the respective 
transmission path in dependence upon the con?guration data 
to recover the streamed data signals. 

Various other respective aspects and features of the inven 
tion are de?ned in the appended claims. Features from the 
dependent claims may be combined With features of the inde 
pendent claims as appropriate and not merely as explicitly set 
out in the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other features and advantages of the inven 
tion Will be apparent from the folloWing detailed description 
of illustrative embodiments Which is to be read in connection 
With the accompanying draWings in Which: 

FIG. 1 schematically illustrates the architecture of a router 
according to the present technique; 

FIG. 2 schematically illustrates a live sound production 
system that implements a Gigabit point-to-point physical 
layer link; 

FIG. 3 schematically illustrates a high-resolution audio 
Workstation arrangement that implements a Gigabit point-to 
point physical layer link; 

FIG. 4 schematically illustrates an audio broadcast studio 
arrangement that implements a Gigabit point-to-point physi 
cal layer link; 

FIG. 5 schematically illustrates the audio frame structure 
according to the present technique comprising the timing 
information for all four base clocks in the frame header; 

FIG. 6 schematically illustrates the contents of a represen 
tative one of the timing information headers of FIG. 5; 

FIG. 7 schematically illustrates hoW the timing informa 
tion is derived; 

FIG. 8 schematically illustrates an arrangement for trans 
mitting data onto and receiving data from the physical layer of 
the Gigabit link; 

FIG. 9 is a How chart that schematically illustrates hoW 
con?guration data including data associating each audio data 
stream With one of the four possible base sample clocks is 
communicated betWeen the transmitter and the receiver; 

FIG. 10 schematically illustrates a receiver arrangement 
for audio base clock recovery; 
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FIG. 11 schematically illustrates a Gigabit link transmitter 
buffering and frame assembly arrangement according to the 
present technique; 

FIG. 12 is a How chart that schematically illustrates hoW 
the apparatus of FIG. 11 implements the transmission buff 
ering and frame assembly; 

FIG. 13 schematically illustrates representative portion of 
a frame reception and buffering arrangement of a receiving 
device corresponding to the transmitting device arrangement 
of FIG. 11; 

FIG. 14A schematically illustrates hoW the audio data 
frame is transmitted across the Gigabit link; 

FIG. 14B schematically illustrates an instantaneous pack 
etised data How together With continuous data ?oWs for three 
of the eight channels; 

FIG. 15 schematically illustrates a frame transmission 
sequence on the Gigabit link comprising tWo audio data 
frames and an intervening auxiliary data frame; and 

FIGS. 16A and 16B schematically illustrate sequences of 
data blocks that are supplied to a multiplexer of FIG. 11. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

According to a previously proposed system, the physical 
layer of Fast Ethernet (IEEE802.3 100BASE-TX) can be used 
to communicate a plurality of audio channels having data in 
different audio formats on a single link having a channel bit 
rate of 100 Mbits/s. That link is a category 5 unshielded 
tWisted pair cable, Which has four signal pairs. TWo of the 
signal pairs are used for transmission and reception of audio 
data Whilst the remaining tWo signal pairs are used to convey 
a sample clock in both directions across the link. The sample 
clock is used to maintain audio sample synchronisation. 

The physical layer data communication link described in 
this previously proposed system is capable of supporting a 
Wide range of audio sample rates including 1-bit delta-sigma 
modulated oversampled formats and 384 kHZ PCM format. 
An example range of audio formats supported by this 100 
Mbit point-to -point Ethernet physical layer interconnection is 
speci?ed in Table 1 beloW. For example, it can be seen from 
Table 1 that the link can support 48 channels in each direction 
of 44.1 kHZ PCM data or 24 channels in each direction of 
2.8224 MHZ DSD data. 

TABLE 1 

Channels 
Sample (each Way) 

Audio format frequency 100 Mbps link 

24-bitAES3- 44.1 kHZ 48 
compatible 48 kHZ 48 
PCM 88.2 kHZ 24 

96 kHZ 24 
176.4 kHZ 12 
192 kHZ 12 

352.8 kHZ 6 
384 kHZ 6 

24-bit PCM, no 352.8 kHZ 8 
AES3 metadata 
l-bit delta- 2.8224 MHZ 24 

sigma 5.6448 MHZ 12 
modulated 

The 100 Mbits/ s point-to-point physical layer link conveys 
audio sample clock frequency and phase information in both 
directions across the link and audio throughput does not occur 
until it is established that the devices either end of the link 
have synchronised their audio sample clocks. The audio 
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4 
latency is a ?xed number of audio sample periods, the number 
being dependent upon the audio mode. HoWever, the latency 
is alWays less than 100 microseconds. The link is bi-direc 
tional and symmetrical. Some of the bandWidth of the point 
to-point link is reserved for auxiliary data, Which is multi 
plexed amongst the audio streams. The audio channel data is 
circuit-sWitched (With loW latency) Whereas the auxiliary data 
is packet sWitched. 

FIG. 1 schematically illustrates the architecture of a router 
according to the present technique. The router comprises: a 
plurality, NX of transceivers 100-1 to 100-X operable to 
transmit and receive data across the Ethernet physical layer; 
an audio channel circuit-sWitch 110; an audio routing control 
module 120; a auxiliary data packet sWitch 130; and an aux 
iliary data Ethernet port 140. The transceivers 100-1 to 110-X 
transmit and receive data via the Ethernet physical layer. The 
routing is performed differently for the audio data and for the 
auxiliary data so that the audio data and auxiliary data are 
logically separated, for the purpose of routing, into tWo inde 
pendent planes as shoWn in FIG. 1. The audio data routing 
plane comprises a loW latency audio channel circuit-sWitch 
110 Whereas the auxiliary data routing plane comprises a 
packet sWitch 130 that implements standard Ethernet sWitch 
ing integrated circuits. The audio routing control module 120 
controls the audio-channel sWitching process, Which enables 
audio routing betWeen any input and any output in a similar 
Way to a cross-point sWitch. The auxiliary data Ethernet port 
140 manages routing of the auxiliary data. The Ethernet port 
140 is connected to a local host microprocessor system, 
Which is operable to control the audio routing. Thus the router 
may be remotely controlled from any transceiver node. 

According to the present technique a higher capacity Giga 
bit (knoWn as 1000 BASE-T) Ethernet point-to-point link is 
provided. This can be considered to provide eight parallel 
data transmission paths, in each direction, each transmission 
path having the same capacity (100 Mbps) as the previously 
proposed system referred to above. Furthermore, rather than 
being multiplexed With the audio data, the auxiliary data is 
transported across the Gigabit link in separate frames at a rate 
of 100 Mbits/s (full duplex). The audio formats and sample 
rates for the Gigabit point-to-point link are speci?ed in Table 
2 beloW. Note that the number of channels for each audio 
format in Table 2 is simply eight times the corresponding 
number of channels speci?ed in Table 1 (100 Mbps link) for 
the corresponding audio format. 

Recall that the 100 Mbps link utilises a category 5 cable. 
The Gigabit link may utilise either copper cable or altema 
tively optical ?bre. The copper cable is a Category-5e/ 6 cable, 
Which is appropriate for carrying 1000 BASE-T physical 
layer data and is suitable for link lengths of up to 100 metres. 
The optical ?bre is an IEEE802.3 1000 BASE-SX compliant 
multi-mode ?bre, Which is suitable for spanning distances of 
up to 500 metres for a multi-mode optical ?bre. Longer spans 
are possible using single-mode optical ?bre. 

TABLE 2 

Channels 
Sample (each Way) 

Audio format frequency Gigabit link 

24-bitAES3- 44.1 kHZ 384 
compatible 48 kHZ 384 
PCM 88.2 kHZ 192 

96 kHZ 192 
176.4 kHZ 96 
192 kHZ 96 


















